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PREFACE 


The results of impact tests on gypsum wallboards on wood 
studs are presented in this report. The wallboards used in 
the tests were those products readily available commercially, 


and included. products, of several manufacturers. 


figs fepottacss the first of two reports that deal with the 
impact energy absorption capacity of gypsum wallboards. 

ihe present.repoert, covers the results of tests of solid 
wallboards; and the second report, which will be issued when 
the test program is completed, will cover the results of 
tests of wallboards having a taped horizontal joint, as well 


a= the fesmles reporced in this. report . 


All tests reported herein were carried out at the Structures 


Laboratory of the Building Research Division of the National 


Bureau of Standards. 


tek 


tT AN 


fIsD SYSW ALST 


foie9258 gothi 


q - " | . | ' | , 
28% Joseesr to 2tivesr ae 


[igw mvegqva ao ete 
get 2rd ni betngectt 7s 2beta 
i er ¢ 
. (ihest etouborg venpd? e2ew eceos aie 
i i i ai), 
IS STUCB sta io erouhe ng bebulowt BAB 
fea t7Og: “2 Xo. 42729 -680 ef arege? Sree 
MuF2CN SG ») Ytiosqss sorsgroeds. Ye Yores Taegee me 
; iw 
reat to aa tuesr }.ayeves Sraget sagesita BAT 
: is " 
: : iu 
gd iti fi) £ ei trocay boovee ad3 bars :;ebvRnodi aay 
fis 
9 iw .bavalquos 2i mstgorq Seer amg 
. 1 bees 2 gnived 2btaodiisew to 23a83 me 
stroget elds af. bettogqet 21fsest ont ee 


i be rot 8 ; 


s293 CEA 
fre odd ic. yrotetoda das 


-pbrkboete to 5ST S 


TABLE OF CONTENTS 


PREFACE 


SI Conversion Units 


i 


INTRODUCTION 


12). General 
1.2 Gypsum Wallboard 


DESCRIPTION OF TESTS 


Pe ese Provram 

Z slest Variables 
2 test Specinen 

4 Test Setup 

we ese Procedure 


TES? RESULTS AND DISCUSSIONS 

ae ese. Data 

peeeoresect of Type of Wallboard: on Impact 
strength 

3.3 Effect of Thickness of Wallboard and 
Spacing of Studs on Impact Strength 


DESIGN CONSIDERATION AND EVALUATION TECHNIQUE 
OF IMPACT STRENGTH 


+o. Desien Conszderation 
4.2 Techniques of Evaluating Impact Strength 


CONCLUSIONS 
ACKNOWLEDGMENTS 
TABLES AND FIGURES 


REFERENCES 


OnNNM&S 


2TWaTVOS AO AIAAT io 


TOA 
etint! nofatevaed ae 


“OTT MIGORTAL ft 


braodiisv mueqyy¢ ee | 


f r 
mny ony : 2 ~ 
’ a ' 4 ¢ 
, rere ft ra Tz t) . . 
fem. segqe io] a 
it)s r 1729 f - 
STUNVSIIT?. 2233 By a 
o” t 
t ‘ iy f Laur i T ‘ 
\ if T2 y ; 
, » 5 
’ { t ty i ae 7) } \, 
7 — * 
itor a Be 
— a 4 ' ¢ 
a~ 1] 16 729 7 Bid 
: t 7 vy ‘ate 
e I : a4 . ar 


SI Conversion Units 


in View Gf present accepted practice in this country in this 
technological area, common U.S. units of measurements have 
been used throughout this report. In recognition of the 
position of the USA as a signatory to the General Conference 
on Weights and Measures, which gave official status to the 
metric SI system of units in 1960, the author assists 
readers interested in making use of the coherent system of 
Sloundtss by Sivine. conversion factors applicable to U.S. 


units used in this paper. 


Length Lam, S00 7258 *. meter 
itt* =.s04e* meter 


Area cane =6.4516* x 1074 est RS 
1 £t2 =0.09290 meter 


Force 1 ib(1lbf) = 4.448 newton 
1 kip = 4448 newton 
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I~ ~“InTRODUCTION 
1.1 General 


Gypsum wallboards used as an interior sheathing material in 
conventional wood-frame houses has virtually replaced lath 

and plaster on wood studs in recent years. However, while 
gypsum wallboards are widely used, sufficient engineering 
dates erec Mot available on impact strength of these wallboards. 
Thus, on the basis of the presentent state-of-the-art, the 
peecene (Guide Criterta tor the Design and Evaluation of 


Operation BREAKTHROUGH Housing Systems -sere developed. 


Mie "eriteria, covering the impact strength of interior space 


dividers (Criterion Bite Soe is given as follows: 


Walls should resist the following loads with a 
Waximim restdudl-defrection not exceeding i) pper- 
cent of total maximum net deflection or 2/4000, 
whichever is greater, measured 24 hours after 
removal of the superimposed load, and with no dam- 
gee Co Suriaces, finishes, supports or subsystems: 


An impact energy of 60 ft-lb, applied 
hernnontatly ot cany Location five con- 
Secuetve times, except an the case where 
Eve wall consists of stiffening elements 
Supportime-a surtace ‘eovert In ‘the 
latter case, the wall should resist the 
60 ft-lb impact energy delivered five 


Numerals in bracket refer to corresponding items in 
Rercrence. 
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consecutive times to the surface cover 
coincident with the axis of the stiffen- 
ing element and a 30 ft-lb impact energy 
delivered five consecutive times to the 
surface cover at any other location. 
In specific cases, where local repairs of surface 
covers may be readily accomplished without leaving 
objectionable traces, using available materials 
and methods that do not require specialized skills, 


the 30 ft-lb impact energy may be reduced to 7.5 
moral loge 


The last stipulation reducing the impact energy from 30 ft-1b 
to 7.5 ft-lb was made to reflect the estimated performance of 
1/2 in thick gypsum wallboards on studs spaced at 24 in 
Eemeer-to-center. It should be noted that this stipulation 
relates to the requirement on failure rather than to the 


requirement on residual deflection. 


Aecordingly, the purposes of this investigation were to 
develop engineering data on the impact energy absorption 
Capacity of gypsum wallboards and to compare the performance 


of wallboard systems with the above stated criterion. 


1.2 Gypsum Wallboard 


Most gypsum wallboards available commercially are manufac- 
tured in compliance with ASTM C-36-68[2]. The counterpart 


Federal Specification is F.S. SS-L-30c., 


sof tuorrttiw bod LL quooae eatbesn” 90 en “oTavOD 
eiekreiesm 2: 


r9VO Soettue ent oF. a avr 
neittite at te éixa Soo APiw oe 
no fosqmi dfi-32 @p ¢ Bas Thanet 


noistsooi ratio *te Te Taves oD TINE 


oT .{5)80-0C~9 TBE HD Ew oomet Synod dee Beat 1) 


ot semit avitgoaztou of2t bersws sh 


4 


da Citivn anizew .2e2s7 oldasobietde ra 
ifetooqe etisper Jom eb seus abodiom bas —§ 
yo od yam voters Toehml a ti Dt Se 
dt-2F one 


+4 


qui wht aaiowhes plas Lucite t2en1 es 
tenitzo aft Yoeftex of Shee gam di-37 <. t jem 


qe 2byte so ebtsodilew aiegyy Avins at rk 
Sbason od bigedze af ‘hygiene: 
veiltet otulist no toaamerfupey Gas o2 edtalene 


mofiseltss Dee aot ob Inemsifypor 4 


& é 


Fé oy BOUT HG iit exyignibtreson 


rei 1 Rom: Sha )) 2788) % La To9onigue qolevehy ct 


“02 of bas. ebrsddl law meq: to 7 ioe qee fl 
; S > 


jste evode ant “atte Siete breodd Law 46 


bisodlish neeqy Se 


‘Lis £9 renin. sidel favs ebvaccdilsw mueqye 20M | i 


a hy 
Mi 


02 -\-8e eae sotjajittoege terete 


7 4 
é 


7 


ee 
an ‘ ny 4 al 
: iad 3 : ae oi 
pe a } : 


Two types of gypsum wallboards are available for use in fire 
rated assemblies. These are identified by the ASTM Standard 
Specification as either Regular or Type X. The Regular-type 
wallboards have regular cores and the Type-X wallboards have 
fire-retardant cores. Within the Type-X category, some 
manufacturers produce two or more grades of wallboards 
improving the fire rating by varying the fiber content in 
the gypsum. However, this gradation within the Type-X cate- 


gory is not recognized by the ASTM Standard Specification. 
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Ao OROCICEr FLOM Gi TESTS 


2,1 Dest. Procran 


Tests were conducted to establish a minimum level of perfor- 
mance of gypsum wallboards subjected to impact, using the 
evaluation method described in the ASTM E-72 Impact Load 
Test. The following three criteria were used to establish 


pene evel ot pertormance. 


CRITERION T** Thre-Level of ampact’ enerzy 
which will not cause any observ- 
able damage on both faces of wall- 
board 417 five’ ‘consecutive applica - 
tions of a constant impact on one 


Location. 


CRITERION II: The level of impact energy 
which will cause damage on the 
unexposed face of wallboard but 
will not cause any observable 
damage on the exposed face in 
five consecutive applications of 


a constant impact on one location. 
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CRITERION ERI: The Level of impact energy which 
will cause damage on both the 
exposed face and the unexposed 


faGe, in One application of impact. 


Ai) Geses were designed to establish these criteria for each 


group of specimens characterized by the same variables. 


e222 Ss Lest Variables 


Three variables were used in designing the test program. 
They. were the type of wallboard, either Regular (or 
Ordinary) ° or Type X; the thickness of wallboard; and the 
Spacing of studs. As mentioned previously, some manufac- 
turers produce two or more grades of Type X wallboards; how- 
ever, in this test program, all Type-X wallboards were 


considered as one grade. 


Although a wide range of partition assemblies can be made 
by combining the above variables in different ways, only 
those partition assemblies found in conventional house con- 
struction were selected for testing. Reference was made to 


the FHA Minimum Property Standards for one and two living 


2 : ; 
In this report, Ordinary-type refers to Regular-type 
specified in ASTM C-36-68. 
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units[3] in determining the thickness of wallboards and the 
Sageine of Studs. the matrix: format of table 1 illustrates 
the various combinations of variables used for the tests 


reported herein. 


2.2 lest Specinen 


The test specimens were fabricated using a single full-sized 
sheet of wallboard (4x8 ft) nailed on 2x4 in (nominal dimen- 
Sions) wood-stud frames. The layout of the frame is shown 
Meoetoure ©. lo simulate walls or partitions having wall- 
boards on both side, 4x1/8 in plywood strips were nailed on 
the opposite side of the frame. This scheme facilitated 
visual inspection of the backside of the wallboard during 


the test. 


The wallboard was nailed to the frame by 1 3/8 in long 
threaded wallboard nails. The nails were spaced at 6 in 
S.c. dlone the top and bottom plates, and at 8 in o.c. on 
eve Vereical studs. All nails along the edges of the panel 


had a minimum edge distance of 3/8 in. 


Based on the variables used the test panels were designated 
as follows: 
3/8 - ORD - 16 
a7a = ORD - 24 
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The fraction of an inch indicates the thickness of the 
wallboard. ORD and X denote the type of the wallboard, 
Ordinary (Regular type) and Type X, respectively. The last 


two numbers represent the spacing of the studs. 


Pea “Test Setup 


The test setup, which is similar to the one suggested in 
Aoim E-727*lest).as thlustratedtinefisures2.,. Tt. consisted of 
a test frame, a 60 1b sandbag and a bag-release device 
mounted on a hand-operated forklift. The test specimen was 
placed in a vertical position to simulate service conditions. 
Impact was delivered to the specimen by the sandbag as a 
pendulum released from a predetermined height. The specifi- 
cation of the bag conformed to the description given in 
AoiM B-72 sect.) 12. 2.2.14, wath) the:,exception that.,it was 
made of a heavy canvas instead of Indian-tanned lace leather. 
For each drop the bag was released by suddenly opening the 
hinged doors of the bag holding device, thus eliminating 
wobbling of the bag. A photograph showing the actual test 


setup is shown in figure 3. 
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The impact was delivered between two studs at each test 
section. The magnitude of impact was varied by adjusting 

the height of drop of the bag. The height was measured from 
the point of impact of the center of gravity of the bag where 
it strikes’ the test°*section to this same point when the bag 


was in the raised position (fig. 2). 


By halving the test panel vertically, the impact was 
delivered to two locations, each measured 24 in from the 
upper and the lower edge of the panel, respectively (posi- 
Eaons A and 8 in fig. 2). Thus, it was possible to conduct 
four tests at 2x2 grid points on panels which had studs 
Seaece gt 24 4n G@.€. and Six tests at 3x2 grid peints on 


panels which had studs spaced at 16 in o.c. 


2.5 Test Procedure 


ie establish Criterion f and Il, as defined in sect. 2.1, 
five impacts of a constant magnitude were delivered to one 
point. For Criterion III a single impact was delivered. 
Only one test was made at each test section, eventhough a 


tested section appeared without any damage. 


In evaluating each criterion, the initial magnitude of the 


impact for a test section was selected arbitrarily for each 
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ereup Gf AGenrical Specamens. In subsequent tests the 


magnitude of impact was determined by the preceding one. 


In order to minimize the number of tests, the staircase (or 
"up-and-down") method of testing[4] was followed. This 
method of testing allowed a faster convergence to the criti- 
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A total of 317 tests was made in the present test Series. 
The frequency distribution of tests according to heights of 
drop of the sandbag are shown for each type of test panel 
in fieures 4 through 10. The number of tests made to estab- 
its ge £hrse criteria: tor,yeach, type rangéedy from 32 tests 
for test panels 1/2-ORD-24 to 70 tests for test panels 
1/2-ORD-16. For the latter, which was the first group 
tested, a large number of ,tests were needed as no precedent 
test data were available for guidance. With the exception 
of tests on panels 1/2-ORD-16, an average of about 41 tests 


was required.to evaluate the criteria. 


The number of tests made to establish each criterion for 
each type of test panel is indicated in figures 4 through 
10. The heights and the corresponding magnitudes of impact 
energy are listed in table 2. It is seen in the table that 
the critical impact strengths for Criterion II and 
Criterion III are about two and four times that for 
Criterion I. These relationships as expressed by the ratio 
of impact strength for one criterion to that for the other 
two are shown in figures 11 and 12. The mean of the ratios 


of the impact strength for Criterion I to Criterion III 
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ane thersamentorncriterions ii. to,iilivare,0<264;:and 0.505, 
Pespecrl Vary. se ts. tne test results indicate that, if the 
iMpact Serenenn LOY diy one criterion is established, the 
Sther worerteceria Gan be derived by using the ratios of the 


impact strengths. 


Se Br rect of Type of Wallb ard on Impact Strength 


pigeevehe fiber content is greater in Type X wallboards than 
in Regular wallboards, it is expected that the impact 
strength of Type X wallboards would be greater than that of 
Regular wallboards. The variation in strength can be seen 
m table 3, in which the ratios of the impact strength of 
Type X wallboards to that of Regular wallboards are listed. 
ft 45 apparent that, in all cases, the strength of the 

Type X wallboards exceeded the strength of the Regular 
wallboards. The increase in the strength ranged from 17 
percent to as much as 133 percent. When the averages of 
increase in the strength are compared among the three ratios 
listed in table 3, the amount of the increase in the 
strength is inversely proportional to the stiffness (EI/2) 
of the panel, where E is the modulus of elasticity, I 1s 

the moment of inertia of the cross section of the wallboard 
and 2 is the span between two supports (or the spacing of 


studs). 
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5/5” Effect rofirarckness of Wallboard and Spacing of Studs 
on Impact Strengt 


Both the thickness of wallboard and the spacing of studs 
Simultaneously influence the impact strength of the wall- 
board through the stiffness. Thus, the effects of these 


two variables on the impact strength are considered together. 


In flexural members the deflection is governed by the stiff- 
ness of the member. As a result, under external forces a 
flexible member would deflect more than a stiff member. 
Consequently, the work done during deflection by the external 
forces or the energy stored in the member is greater in the 


flexible member than the stiff member. 


For members of the same material, the stiffness can be 
expressed as the ratio of the moment of inertia, I, to the 
wag. ©, Since the modulus of elasticity, E, is constant. 
Since the energy absorption capacity is inversely propor- 
tional to the stiffness, and considering a unit width of 
the wallboard, the energy absorption capacity can be 
expressed as a function of 2/t>, where t is the thickness 


of the wallboard. 


In figure 13 the impact strength for each criterion of the 


wallboards tested are plotted as a function of the ratio of 
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2/t>. The results of wallboards of the Regular type are 
connected by solid lines; and those of Type X are connected 
by broken lines. It is seen in the figure that, as the 
ratio Of 2/t> becomes smaller, the impact strength increases 
rapidly. On the other hand, beyond the ratio of 2/t> equal 
Peeve ane” Furiner increase 1an~ this: ratio does not’ result 
im” appreciable decrease in t.ie impact strength. This figure 
also shows that for identical assemblies of test panels, 


Type X wallboards have greater impact strength than Regular 


wallboards. 


For the case where only the thickness of wallboards is con- 
Stectren, tanie 4 lasts the ratios of the impact strengths 
of two different thicknesses of wallboards. It is apparent 
that a substantial increase in the strength results from an 
imerease in thickness: On the average, an increase in the 
thickness of wallboard by 1/8 in will yield an increase in 


the impact strength of about 90 percent. 


The impact strength as affected only by the spacing of studs 
is shown in table 5. Listed in the table are the ratios of 
two impact strengths of wallboards, one having studs spaced 
at 16 in o.c. and the other having studs spaced at 24 in 
o.c. It is seen that the increase in the strength by 


decreasing the stud spacing was not as great as was the 
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increase in the strength by increasing the thickness. On 
the average, reducing the spacing of studs from 24 in o.c. 
to, 16 in 6.c. increased the impact strength by 22 percent. 
These results (tables 4 and 5) suggest that increasing the 
thickness of wallboards is more effective in increasing the 


impact strength than is reducing the spacing of studs. 
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4. DESIGN CONSIDERATION AND TECHNIQUES 
OF EVALUATING IMPACT STRENGTH 


1.1 “Hestren “Gonsideration 


Three criteria were used to establish the level of perfor- 
Magee Or Wal luoatuag atatist impact (refer to sect. 2.1). 
Among the three, Criterion II is the one specified in the 
present design and evaluation criteria for Operation 
BREAKTHROUGH Housing Systems. From the user's point of view, 
this criterion is reasonable in that five consecutive appli- 
cations of constant impact would cause damage only to the 
unexposed face of the wallboard. As long as no damage 
appears on the exposed face, the function of the wallboard 
is not ‘impaired. Furthermore, in real situations it is 
highly improbable that one location would be subjected to 
impact for five times. Thus, requiring the wallboards to 
perform at a level more severe than Criterion II would be 
unrealistic. However, the choice between Criterion I and 
Criterion II must be left to the user and the designer. 

On the other hand, if the magnitude of impact is so high 
that it causes damage on both surfaces of the wallboard, 


Criterion III provides the information. 


The intent of the BREAKTHROUGH Guide Criterion B.1.3.1.(e)[1] 


(also refer to sect. 1.1) is to provide a minimum resistance 
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against human impact on partitions. At present, the magni- 
tude of impact exerted on partitions by a person being 

pushed against it has not been defined. The purpose of 

7.5 ft-lb impact specified in the BREAKTHROUGH Guide 
criterion is to include partition assemblies which are being 
used in conventionally built houses. This value is indicated 
on figure 14 with Criterion II of Regular wallboards as a 
limiting value. In this figure the shaded area (acceptable 
region) includes most partition assemblies found in current 
practice. The one assembly which would not be included in 
the shaded area is 3/8 in wallboards on studs space at 16 in 
o.c. The usefulness of figure 14 is that it enables one to 
estimate an expected level of wallboard partition systems 
Pertormanece which does not conform to present practice, i.e., 
Seaeing Ehe studs at lo or 24 in o.c;\for ratios of 2/t> 


between 100 and 200. 


4.2 Techniques of Evaluating Impact Strength 


The impact strengths of different assemblies of gypsum- 
wallboard panels were presented and discussed in sect. 3.1. 
It was shown that the impact strength for one criterion 
could be used to express the strength of the same panel for 
the other two criteria. Thus, if the strength for one 
criterion is evaluated, the others can be obtained by multi- 


plying appropriate factors. 
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It was found in the present series of tests that, of the 
three criteria, Criterion III was the most convenient one 

to establish within a minimal time frame for the sake of 
expediency. Thus, the impact strength for Criterion III 

may be evaluated. Upon establishing the strength for 
Crteenuon iilvand by taking 25 percent and 50 percent of the 
impece streneth for Criterion [I1, conservative estimates of 


the strength for Criterion I and II can be made. 
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5. CONCLUSIONS 


An investigation was conducted to evaluate the impact 
strength of gypsum wallboards nailed on wood studs. A total 
of 317 tests was made on various partition assemblies. 

Three levels of performance of gypsum wallboards against 
impact were evaluated. The following conclusions are based 


on the results of this investigation: 


Mie ror the criterion that five consecutive 
applications of impact at one location 
would limit damages only to the unex- 
posed face and leave no trace of damage 
eu fhe exposed tace (Criterzon II), the 
impact strength of most partition 
assemblies used in conventionally-built 
houses would exceed the 7.5 ft-1b limit- 
ing value specified in the criteria for 
the design and evaluation of Operation 
BREAKTHROUGH Housing Systems. The 
assembly which would not meet the 7.5 
ft-lb criterion is that comprised of 
3/8 in wallboard nailed on studs spaced 
rh sage 6 <e  @ a © 


2) Type X wallboard has greater impact strength 
than Regular wallboard. The increase in 
the strength of Type X wallboards over that 
of Regular wallboards is inversely propor- 
tional to the stiffness of the wallboard on 
the framing members. 


So. the impact Strength can be increased more 
effectively by increasing the thickness of 
wallboard, rather than by decreasing the 
spacing of studs. 


4) The amount of impact energy which will 
cause damage to both faces of the wall- 
board with one application is twice the 
amount which will cause damage to only the 
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unexposed face with five applications of a 
constant impact on one location and is four 
times the amount which will not cause any 

observable damage on either faces with five 


applications of a constant impact on one 
location. 
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ee ee Thickness of Wallboards 


(1) (in) 
Variables 


(2) and (3) 


Wallboard 


ORDINARY* 
Not Used 
TYPE - & in Practice 
16 in c/e es Not Used 
in Practice 
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